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Abstract: Previous studies have demonstrated that tradable water permits systems can be a useful tool to provide water use 
efficiency and ecological sustainability, especially in areas suffering from water scarcity. However, as economic 
efficiency is commonly prioritized over equity issues, these systems do not necessarily ensure a socially fair 
allocation of water resources to individual users. The present study aims to contribute to this discussion by analyzing 
the transition from a free access system to one of fully defined and tradable water use rights. In this framework, an 
optimal control model is first developed in order to provide a sustainable water management solution in irrigated 
agriculture. This model considers a tradable permits system and an agricultural activity that is placing increasing 
pressure on finite groundwater resources. The objective of this paper is then to evaluate different rules of initial 
allocation of water rights in regard to their ability to ensure social equity and to strengthen social acceptability. 

Keywords: Irrigated agriculture, tradable water permits, economic efficiency, social equity, water allocation 

1. INTRODUCTION 

The intensification of water use and groundwater exploitation resulted in a considerable 
quantitative and/or qualitative degradation of water resources in arid and semi-arid regions. The 
problem has been exacerbated in recent years by: (a) the increasing competition for water across 
sectors, (b) the irrational use of water (especially in irrigated agriculture), and (c) the inefficient 
water management policies/strategies. As a consequence, water resources have been depleted and 
the marginal cost of water supply has been considerably increased (Griffin, 2006). In order to 
address the emerging risks of overexploitation and water pollution, it is necessary to integrate 
sustainability principles into water resource management/policies. More specifically, water agencies 
should aim to protect water resources without compromising social cohesion and (regional) 
economic development.  

Tradable water permits, i.e., a system that allocates water rights and offers a mechanism through 
which these rights could be traded, is one of the most economic efficient measures that can be 
implemented in areas that suffer from water scarcity. The effectiveness of this system is based on 
the flexibility that offers to water users to choose different strategies in order to cope with potential 
water restrictions or shortages. Permit holders that gain a lower benefit from using their permits 
would have an incentive to trade them to someone who places a higher value on them. In other 
words, mutual benefits may be realized through water sales, creating thus efficient markets where 
water is allocated to the highest value uses/users, increasing thus the productivity of water and 
diminishing tensions among competing users (Kraemer et al., 2004; Berkamp and Sadoff, 2008). 
However, a prerequisite that must be fulfilled for the successful implementation of these systems is 
the operation of a competitive water market, which will be able to determine the property rights 
over water resources (usually water use rights and more rarely land tenure/ownership rights). 
Furthermore, appropriate and capable institutions are necessary in order to guarantee market 
functioning and to ensure transparency, enforcement and protection for vulnerable groups and 
ecosystems (Armitage et al., 1999; Berkamp and Sadoff, 2008). It should be noted that tradable 
water permits are tools that can help policy makers to solve the problem of reallocating scarce water 
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resources rather than to privatize them. So, they can be adapted into very different water 
management institutional frameworks, from the most liberal to the most interventionists (Berbel et al., 
2014). 

Tradable water permits could be implemented in the agricultural sector, where the increasing 
water demand causes significant pressures on the water availability in many regions. Besides, as 
stated by Honey-Roses (2009), water markets should focus on the agricultural sector because 
irrigation is the main consumer of water and efficiency improvements are most likely to be found. 
Therefore, a tradable water permits system can give incentives to farmers to develop strategies that 
would increase water-use efficiency by: (a) adopting a high-efficiency irrigation system (method) or 
(b) by shifting to higher valued and less water-intensive crops (Rosegrant and Binswanger, 1994). 
This, in turn, may also help public agencies to gradually reduce their financial investments in 
irrigation systems. 

The problem of irrational resource use (irrigation water in our case) can be mainly attributed to 
the absence of clearly defined property rights, which leads to negative externalities (i.e., extraction 
levels are higher than the socially optimal ones). Tradable permits systems could actually grant 
property rights in water use and operate the market of these rights aiming in a socially optimal 
allocation of water resources. According to Coase’s theorem (1960), this optimal allocation will be 
achieved regardless of the initial allocation of permits. However, initial allocation may actually 
affect the individual income (wealth) of farmers, causing social inequalities and/or income 
restrictions, which may in turn affect the overall effectiveness and viability of the system. Besides, 
several concerns have been raised about current water markets’ prioritization of efficiency over 
equity (Bakker, 2002; Honey-Roses, 2009). A reason for this is that the equity judgment standards 
are usually individualized (Tsur and Dinar, 1995) and equity issues, to some extent, are considered 
as subjective and difficult to scientifically investigate (Wang et al., 2015). Furthermore, efficiency 
tends to be a preferred goal for the allocation of water, particularly in situations where participation 
in decision making (procedural justice) is ignored (Roa-García, 2014). The aim of this study is thus 
to evaluate different rules of initial allocation of water permits, for a given (tradable permits) system 
that was designed to optimize long-term economic efficiency under specific water constraints. 

2. METHODOLOGY 

2.1 Tradable water permits and optimal water allocation in irrigated agriculture 

The methodological approach of this study is based on a previous work, by Latinopoulos and 
Sartzetakis (2015), aimed at assessing the environmental and economic benefits of a tradable water 
permits system in irrigated agriculture, but extended herein to incorporate equity issues. The initial 
model, as described in details in Latinopoulos and Sartzetakis (2015), considers the special case 
where a common pool aquifer with open access is exploited by two groups of farmers. Specifically, 
it is assumed that the two groups of farmers cultivate an area of equal size to produce a homogenous 
agricultural product. Farmers belonging to each group cultivate (irrigate) the same crop, under the 
same farming conditions (e.g., climate, weather, soil conditions, etc), irrigation technology and 
market conditions (e.g., prices, subsidies, wages, input costs, etc). Thus, the annual net benefit 
function is the same for all farmers within a given group. The model applies to cases where all 
pumped water is used in agricultural activities and particularly to irrigate two high water demanding 
crops. 

The analysis was based on a single-cell unconfined aquifer, where the water table and its 
fluctuation are both considered as (spatially) uniform and constant during each irrigation period. For 
simplicity reasons, as proposed by Burness and Brill (2000), the drawdown within each well was 
not taken into account (due to its constant and small effect on the pumping level during each 
period/year). Thus, the measure that was used to describe the long-term effect of agriculture to 
water resources is the rate of change in the height of the water table, which, following Gisser and 
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Sanchez (1980), was assumed to depend on the total volume of water used in irrigated agriculture 
(each period), as well as on certain hydrological conditions in the reference area (including among 
others the natural recharge of the aquifer, the return flow from irrigation, the storativity of the 
aquifer, etc). 

According to Latinopoulos and Sartzetakis (2015), the marginal cost of pumping was assumed to 
depend only on the height of the water table, so that both groups of farmers are facing the same 
marginal cost each year. On the contrary, these groups differ on their crops’ production functions, 
as well as on their market crop prices. Specifically, concerning the production functions, it was 
assumed that crop yields were a function of the total volume of water used per irrigation period/year 
(water response functions). According to Small and Carruthers (1991), these functions should be 
approximated by a downward concave curve, so that a relatively small reduction in water 
consumption (from the maximum yield level) will cause minor reductions in crop yields. For this 
reason a quadratic function was estimated for each crop (i.e., for each group of farmers) by 
simulating crop yield responses on different water-use levels, according to the CROPWAT 
methodology developed by FAO (Smith, 1992). 

Under the aforementioned conditions, a water agency may decide to implement a tradable 
permits system in order to allocate groundwater resources in a way that will maximize the aggregate 
long-term benefits, maintaining at the same time a minimum stock of groundwater (water table 
level) at the end of the planning period. Latinopoulos and Sartzetakis (2015) proposed a permits’ 
system, where each farmer receives, at each time period (year), a number of permits free of charge. 
These permits are not transferable through time and no banking or borrowing of permits is allowed. 
Therefore, each farmer will have to decide whether to use this volume of water or whether to sell it 
to another farmer with higher marginal utility (i.e., higher net benefit per hectare of cultivated land). 
In other words, farmers, based on their water needs and net benefit functions should decide how 
many permits should trade each year so as to maximize their individual benefits. A water agency 
should be responsible to administer the tradable permits system, as well as, to determine the total 
number of permits (i.e., the total amount of groundwater extraction per year). This agency should 
have full information regarding the hydrological and agro-economic conditions in the study area.  

The mathematical formulation was based on the optimal control theory seeking to maximize the 
sum of the flow of farmers’ (annual) net benefits, subject to: (a) a transitional equation related to the 
rate of change in the height of the water table, (b) a fixed planning horizon, (c) a minimum level of 
water table during this planning period, and (d) an efficiency condition (see Section 2.3). So, the 
water agency should solve the following problem (Latinopoulos and Sartzetakis, 2015): 
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where: tQ  = aggregate water constraint for each irrigation period t (m3/year) 
T  = planning horizon (years) 
δ  = discount rate (%) 
M  = total land area irrigated by each group of farmers (hectares) 
NBr,t  = annual net benefit per hectare for each group of farmers (r=1,2) (€/ha/year) 
H  = height of water table (m) 
H!  = rate of change in the height of water table 
A  = uniform at all depths surface area of the groundwater reservoir (hectares) 
S  = storativity coefficient 
N  = (constant) natural recharge of the aquifer (m3/year) 
a  = constant return flow coefficient (0 < α < 1) 
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H0  = initial height of the water table (m) 
Hmin  = minimum preservation level of water table (m) 
MNBr,t  = annual marginal net benefit of each group of farmers (€/ha)  
 

The solution of the above problem results to the optimal path for the aggregate annual allowable 
use of groundwater resources and the water table level. According to this model, it is also possible 
to estimate the time path of: (a) the volume of water used by each individual farmer, (b) the volume 
of water traded by each farmer, and (c) the price of water permits. It should be noted that under the 
assumptions given above, the initial allocation of permits will not affect the overall efficiency 
(optimality) of this model; hence, it was not examined in the study of Latinopoulos and Sartzetakis 
(2015), which focuses on social welfare rather than on individual benefits. The present study takes a 
step forward to address the equity challenges arising from the initial allocation of permits, which 
may affect the distribution of income between the two groups of farmers. The following sections try 
first to shed some light about the role of social equity (section 2.2) and then to integrate equity 
concepts in the aforementioned optimization approach (section 2.3). 

2.2 Water markets and social equity 

When determining the optimal allocation of a scarce resource with a high social value, it is 
necessary to take into consideration economic efficiency, social equity and ecological sustainability 
(Hellegers, 2002). Economic efficiency and ecological sustainability have been already 
incorporated in the above mentioned model (Eq. 1). Thus, in order to take also into consideration 
social equity it is first necessary to define this term in the context of water (re-)allocation. This is 
not a trivial task, since it is well recognized that equity measures differ considerably, reflecting the 
cultural values of the study site, as well as the particular object (good) according to which equity is 
measured (i.e., income, utility, opportunities, needs, etc). As a consequence, measuring equity 
usually requires interpersonal comparisons that are inherently subjective (Tsur, 2005; Young, 
1994). As also stated by Boelens (1998): “each culture, subculture, region, peasant community or 
water user association has constructed and still is constructing its local, heterogeneous conceptions 
of equity”.  

Another problem in defining ‘equity’ is that this term is often used synonymously with 
‘equality’. However, equality and equity are not necessarily the same. Equity usually refers to a fair, 
impartial or right judgment/allocation. On the other hand, equality can be defined as the state of 
being equal. In irrigated agriculture, this would mean that every irrigator receives the same amount 
of water (permits, quotas, etc). However, this is not necessarily a fair allocation (Kolberg, 2012). In 
relation to this problematic, but in a broader context, social welfare policy makes a distinction in the 
definition of social equity between ‘egalitarianism’ and ‘proportionality’. Proportionality implies 
that water should be allocated according to people’s effort and ‘deservedness’ (e.g., due to prior 
appropriation and/or in compensation for more input in system construction or maintenance). On 
the other hand, egalitarianism suggests that everyone should be treated equally (Syme et al., 1999; 
Wegerich, 2007).  

Equity can be defined/measured either in terms of available resources (inputs in agriculture) or in 
terms of net economic results (agricultural output). Policy makers adopting the former approach 
(i.e., equity in distribution/allocation of water inputs) would fail to realize the full implications of 
these allocations on agricultural output and thus on farmers’ welfare. Hence, social welfare should 
be approximated by evaluating the fairness of outcome distribution by examining whether the costs 
and benefits associated with changes in the allocation of water are equitably distributed among the 
affected parties (Hellegers, 2002). Consequently, while efficiency is concerned with aggregate 
economic benefits, equity should deal with how these benefits will be distributed among individual 
members (farmers).  

Equity considerations can be related to either current (intra-generational) or future (inter-
generational) impacts of water resources allocation. Intra-generational equity is related to the actual 
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water control and water use. On the other hand, inter-generational equity deals with the future 
effects of water allocation, including among others the sustainability of aquifer. Nevertheless, as the 
latter is also associated with ecological sustainability, inter-generational equity should focus on the 
fairness of the economic outputs between current and future users (farmers). 

2.3 The role of initial allocation of water permits 

In order to develop and then evaluate a set of rules of initial allocation of water permits it is 
necessary first to thoroughly describe the operation of a water market where farmers can trade their 
permits. Returning thus to the model given in Eq. (1), it is useful to formulate an expression for the 
net benefits of farmers participating in (water) markets transactions. In this context, the annual net 
benefit (per hectare) for each group of farmers (NBr,t) can be expressed as follows: 

tr
z
trtrtrttrtrrrtr PCnwqMCqfpNB ,,,,,, )()( ζζζ −−+−+=             (2) 

where: pr   = market price for each group’s crop (€/kg) 
fr(·)  = crop-water production functions for each crop (kg/ha) 

trq ,  = water permits received (annually) free of charge by each group of farmers 
 (m3/ha/year) 

ζr,t  = water permits traded (bought or sold) during a year by each group of farmers 
 (m3/ha/year) 

MCt = marginal cost of pumped (used) water (€/m3) 
Cnw  = cost of all other inputs, assumed constant and independent of total water use (€/ha) 
z
tp  = market price of water permits at each time period (€/m3) 

 
If the two groups are motivated by differences in their marginal net benefits (i.e., MNB1≠MNB2) 

they can trade (i.e., the group with the lower MNB will sell permits to the group with the higher 
MNB). In that case, the sign of ζr,t is positive for farmers who are selling their (initially allocated) 
permits and negative for those who are buying permits. The market price of water permits is 
actually the result of the negotiation between the two groups and lies between the two groups’ (per-
transaction) marginal benefits. In a many-agent situation (i.e., in a competitive market) the trading 
range will be narrowed and the market price will approximate the level at which the marginal 
benefits are equal for all users/farmers (Griffin, 2006). Given the large number and the small size of 
farmers, it is realistic to expect that this condition will be satisfied (Latinopoulos and Sartzetakis, 
2015). So, the subsequent analysis is based on the assumption that the negotiation between the two 
groups of farmers leads to the following condition: 

21 MNBMNBpzt ==            (3) 

The above condition ensures the economic efficiency of the tradable water permit system (see 
Eq. 1). The questions that arise now are: (a) how to determine the initial allocation of permits to 
farmers (i.e., how much water will be distributed each year, free of charge, to each group of 
farmers), and (b) what distributional effects one might expect to occur from different allocation 
choices. At this point, it should be emphasized that granting an additional water permit to a farmer, 
will entitle its holder to additional economic benefits. On the other hand, distributing fewer permits 
to a farmer (as compared to the actual, unregulated situation) will result to income losses. Each 
farmer will try thus to maximize the associated benefits and minimize the potential losses through 
the market system. In this framework, equity will be examined according to the distribution of 
economic benefits between the two groups of farmers, taking also into consideration the inter-
generational dimension. 
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Three alternative (initial) allocation policies are evaluated (i.e., using different rules to determine 
the trq ,  values), under the same (optimal) path of the aggregate annual allowable use of groundwater 
resources ( tQ ). 

§ Equal sharing: An equal allocation of tradable water permits between the two groups of 
farmers in each time period is firstly examined: 

 MQqq ttt 2/,2,1 ==             (4) 

The reason for this is to explore the impact of an easy-to-apply ‘egalitarian’ rule. According 
to this rule, the initial allocation does not take into account the specific characteristics of 
farmers (e.g., production functions, benefit functions, etc.) nor the water consumption levels 
before the implementation of the water permit system. Annual permits are likely to 
significantly deviate from the economic optimal levels of the two groups of farmers, and 
therefore, transactions must be made between them in order to achieve economic efficiency.  

§ Historical water rights: This allocation is based on the individual consumption (water use) 
level before the implementation of the tradable permit system. Given this, the rate of change 
(reduction) of the aggregate annual allowable use of groundwater was equated to the rate of 
change of the individual annual allowable use of groundwater (permits): 
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where qr,0 and Q0 are the individual and aggregate water use levels before the implementation 
of the water permits system. As in the case of equal sharing, several transactions will be 
executed between the two groups of farmers. Brill et al. (1997) argue that this allocation may 
help eventually water agencies (social planners) to make a water reform politically more 
acceptable. 

§ Priority rights: This allocation rule can be implemented in order to target/favor a particular 
group of farmers (i.e., to protect or to enhance their welfare). Various reasons may explain 
this decision. For example, priority can be given to farmers cultivating crops: (a) with low 
water requirements (environmental policy), or (b) with low economic returns (social policy). 
In line with the latter reasoning, the allocation rule examined herein intends to ensure the 
required (i.e., individual optimal) water quantities to the higher priority user and the 
remaining water is subsequently distributed to the other group. This method is likely to lead to 
transactions, in which the target group is likely to be the seller of permits.  

3. RESULTS 

3.1 Study area description 

The hydrological basin of Nea Moudania (situated in the south-western part of the Halkidiki 
Peninsula, in Greece) was selected as the study area for the implementation of the tradable water 
permit model and the evaluation of the alternative (initial) allocation rules. The main criteria for 
selecting this particular region are the following: (a) the whole basin is a typical rural area, where 
agriculture dominates both the local economy and land use, (b) groundwater is intensively used for 
irrigation, (c) the basin is characterized by a significant quantitative degradation of its groundwater 
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resources and a net deficit in the aquifer water balance, since the total water demand exceeds 
natural recharge (Siarkos et al., 2014). Current agricultural practices in this area are extremely 
dependent on groundwater resources, leading to a severe over-pumping of the aquifer. According to 
a local water management plan, the annual demand for water outweighs the annual supply by 5.5 
million m3/year, causing a steady decline in the aquifer’s water level equal to 0.6 m/year 
(Latinopoulos, 2003; Latinopoulos and Sartzetakis, 2015). 

With regard to the agricultural activity, about 50% of the irrigated land is cultivated with olive 
trees (Group 1 in the optimization model). The prevailing crops in the remaining area are orchard 
trees (particularly apricots – about 30% of the total cultivated area), cotton, vegetables and corn. In 
order to employ the theoretical model, we assumed that all crops other than olive trees are 
represented by a typical crop, the apricot trees (Group 2 in the optimization model). The 
justification of this assumption is that: (a) apricot trees represent 60% of the remaining irrigated 
area, (b) their crop-water requirements are almost equal to the weighted (in terms of land use) 
average of the requirements of all crops, and (c) their net economic benefits are also very close to 
the weighted average of the net benefit of all crops. For a detailed description of hydrological and 
agro-economic data, as well as for an analytical presentation of the computation of crop-water 
production functions (for the two groups of farmers) see Latinopoulos and Sartzetakis (2015).  

3.2 Environmental and economic results of the tradable permits system 

The economic and environmental impact from implementing the tradable permits system, 
described in Section 2.1, should be estimated by comparing the welfare (net farmers’ benefits) and 
hydrological (water level of the aquifer) model results with the corresponding (expected) values 
under the status quo situation. As already indicated, the status quo situation corresponds to an 
unregulated groundwater use (i.e., absence of any institutional rule) where each farmer tries to 
maximize his net benefit function taking into consideration an empirical approximation of his actual 
marginal cost of pumping water (this estimate is based on the marginal cost of the preceding 
irrigation period). It should be noted that a 40-year planning period (time horizon) was used in both 
models. Furthermore, the discount rate was set to 3% and the environmental target for the tradable 
permits system (water level) was to achieve a value of the water table equal to 50 m (HT=Hmin=50 
m). The results of both models are presented in Figure 1. 

  

Figure 1. Results from the implementation of the tradable permits system: (1a) time path of the height of water table, 
(1b) time path of farmers’ aggregate net benefits (modified from Latinopoulos and Sartzetakis, 2015) 
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Figure 1a shows that the maintenance of the (unregulated) status quo situation is likely to result 
to an overexploitation of the aquifer. The height of the water table is almost a linear negatively 
slopped function. As a consequence, after the 40-year planning period, the water level is expected to 
fall more than 20m, resulting to a level (HT=36.9m) far below the minimum preservation level 
(Hmin). On the other hand, the implementation of a tradable permits system can safeguard the Hmin 
level, by means of a smooth transition path, which results to the desired water table level (HT=50m).  

Nevertheless, as shown in Figure 1b, there is a trade-off between the environmental and 
economic objectives. Namely, the achievement of the minimum preservation level is not costless to 
farmers, and particularly to the future generation of farmers in the study area. Water use restrictions, 
even under the flexibility (and cost efficiency) provided by the tradable permits, are likely to reduce 
the net benefits to local farmers over time. So, the economic losses (individual or aggregate) due to 
the permits system can be calculated as the relative difference (%Diff) in the annual net benefits 
between the two policies. According to Figure 1b, the aggregated losses (no-matter which allocation 
mechanism will be used) range between 2% (t=1) and 15% (t=40). Unlike the study of Latinopoulos 
and Sartzetakis (2015), this cost estimation does not take into consideration future risks of the 
unsustainable groundwater use (e.g., salinization of the coastal aquifer). If those risks were taken 
into consideration then considerable economic costs would result from the overexploitation of the 
aquifer.  

3.3 The impact of initial allocation rules on equity 

The aim of this section is to perform a comparative assessment of the three initial allocation rules 
(as described in section 2.3), with regard to the equity impacts of tradable permits in irrigated 
agriculture. The evaluation of these rules was first made on the basis of the following two criteria: 

§ The differences (divergence) in economic results (net benefits) between the two groups of 
farmers (Figure 2). This divergence (inequality) is also juxtaposed with the inequality of the 
status quo situation (allocation), where the higher income group (group 1) has on average - for 
the 40-year period - 87% more annual revenues than the lower income group (group 2), 
ranging from 84% (year 1) to 91% (year 40). 

§ The annual amount of water traded each year from one group of farmers to another (Figure 3). 
This criterion is based on the concept of ‘proportionality’ (see Section 2.2). Namely, the 
greater the volume of water traded, the greater the divergence from this concept of equity (i.e., 
less water is initially allocated to those who will use it to irrigate their fields according to their 
actual needs).  

 
The main conclusions drawn from Figures 2 and 3 are the following: 
§ The application of an equal allocation rule (equal sharing) leads to minimum water transfers 

(i.e., volumes of water traded in market) and to a maximum deviation of the economic results 
between the two groups of farmers. Namely, this rule, despite the fact that was derived from 
an egalitarian perspective (equal inputs) results to the greater income inequality, as compared 
with the other two allocation scenarios. Specifically, under this scenario, the higher income 
group (group 1) has on average (for the 40 year period) a 108% higher revenue than the lower 
income group (group 2), thus resulting to greater inequality than the status quo. It is worth 
noting that this situation is also worsening over time (from 95% in year 1 up to 130% in year 
40). On the other hand, this allocation rule seems to be the most appropriate in terms of 
proportionality, as it minimizes the number of water transactions. 

§ The implementation of the allocation based on historical rights presents intermediate values in 
the total volume of water traded (Figure 3), while the individual benefits of the two groups of 
farmers are less diverse as compared to the equal sharing rule. Specifically, the higher income 
group (group 1) has on average (for the 40 year period) an 86% higher revenue than the lower 
income group (group 2), resulting thus to a very close situation as compared to the status quo. 
Furthermore, this approach provides a fairer distribution over time, as the income losses due 
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to the reduction of water abstractions are almost equally shared in both groups. Thus, this 
scenario is likely to enhance farmers’ acceptance of the tradable water permit system. 

 

Figure 2. Net benefits of the two groups of farmers under the three alternative allocation methods 

 

Figure 3. Volume of water traded under the three alternative allocation methods 

§ The implementation of the priority rights allocation rule is by far the method leading to more 
transactions (Figure 3). The economic results of individual farmers present a significant 
variation through time and are highly dependent on the weight assigned to each group by the 
policy maker. In the case under consideration, the priority was given to the group with the 
lowest net benefit (income), so that the economic outputs of farmers belonging to group 1 are 
gradually approaching and eventually exceeding the outputs of farmers of group 2. So, under 
this scenario, the higher income group (group 1 or group 2) has on average a 40% higher 
revenue than the lower income group, ranging from 0% (t=37) to 67% (t=1). This result 
seems to satisfy the Rawlsian equity criterion, according to which: “if people had to decide 
about the allocation of resources in society without any knowledge about what their own role 
in this society is going to be (i.e., behind a “veil of ignorance”) they would unanimously agree 
on an allocation scheme that maximizes the well-being of the least well off” (Rawls, 1971). 
On the other hand this scenario results to a quite different allocation of income from the 
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situation prior to the implementation of water permits. Therefore, this allocation rule can be a 
tool of social justice, which if not wisely used may cause significant problems in terms of 
equity and (farmers’) acceptability.  

3.4 Sensitivity analysis and intergenerational equity 

The consideration of intergenerational equity issues constitutes a compelling challenge for policy 
makers. One way to take into account these issues is to compare the flow of economic results, as 
already described and discussed in Section 3.3. Yet another way to address intergenerational equity 
concerns is to examine the linkage between the choice of social discount rate (i.e., the premium that 
a social planner places on benefits received today rather than in future years) and the flow of 
benefits for both groups of farmers. As known, high discount rates indicate that future benefits are 
valued less that present benefits, while low discount rates will give relatively more weight to future 
impacts. Therefore, in order to consider the effect of different discount rates, a sensitivity analysis 
was performed over a reasonable range, from 1% to 10%. Two main equity issues can then be 
examined: (a) present versus future aggregate social benefits, (b) present versus future inequality 
level between the two groups of farmers. 

Figure 4 illustrates the effect of the discount rate on the time path of water permits price. 
According to these results, higher discount rates are associated with higher slope of permits price 
through time. In other words, low discount rates result to a small range of prices (e.g., for δ=1% the 
price of water permits ranges from 0.118 €/m3

 up to 0.148 €/m3), while high interest rates increase 
significantly this range (e.g., for δ=10% the price of water permits ranges from 0.016 €/m3 up to 
0.470 €/m3).  

 

Figure 4. Time path of the water permits price under various discount rates 

Figure 5 shows the effect of discount rate on the time path of the aggregate water permits 
transactions under: (a) an equal sharing allocation (Figure 5a), (b) an allocation based on historical 
rights (Figure 5b), and (c) an allocation giving priority to the group with the lowest net benefit 
(Figure 5c). As shown, the priority allocation (5c) has a very similar outcome as compared to the 
historical rights allocation (5b), except that the volumes traded in the market are almost five times 
higher in the former than in the latter. Under those two allocation rules higher discount rates are 
associated with lower volumes traded during the first years of implementation and with higher 
volumes traded during the last years. On the other hand, under the equal sharing allocation, a higher 
discount rate is associated with higher volumes traded for almost the entire time period. 
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Figure 5. Time paths of water transactions under various social discount rates and initial allocation choices: (5a) equal 
sharing, (5b) historical water rights, (5c) priority rights 

In order now to examine the impact of all the above results to the intergenerational equity, it is 
necessary to estimate the economic outcome under different allocation rules and various discount 
rates. To make a clear distinction between current and future net benefits, the entire time period was 
split in two 20-year implementation periods, representing two different “generations” of farmers. 
Figure 6 presents the effect of discount rate: (a) on the aggregate net benefits in irrigated 
agriculture, (b) on the two groups of farmers, as well as, (c) on the two “generations” of farmers.  

As expected, higher (social) discount rates result to lower aggregate net benefits, as well as to a 
lower income distribution (i.e., share of benefits) on the future generation of farmers, which are 
both independent of the initial allocation rule. However these future ‘costs’ are differently 
distributed in the two groups of farmers. Namely, group 1 (higher income group) may experience 
the highest future costs under the priority rights distribution (Figure 6c) and the lowest future costs 
under the distribution based on historical water rights (Figure 6b). Furthermore, for all allocation 
rules, the higher the discount factor the greater the impact on future farmers of group 1. Concerning 
the farmers from group 2 (lower income group), it is worth noting that a priority rights allocation 
may increase their share in future, proportionally to the discount factor. Under the other two 
allocation rules, future generations may experience lower shares (as compared to the current 
generation), being more affected (by time and/or by discounting) under the equal sharing of permits 
(Figure 6a). 

   

Figure 6. Net benefits under various discount rates and initial allocation choices: (6a) equal sharing, (6b) historical 
water rights, (6c) priority rights 
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4. CONLCUSIONS 

The implementation of a tradable water permit system in irrigated agriculture can be a useful 
management tool for improving economic efficiency and addressing the environmental impacts of 
the irrational behavior of farmers (i.e., the myopic groundwater pumping). Various alternative rules 
can be designed and then applied for the initial allocation of water permits with the same final 
outcome in the time paths of: (a) the aggregate water consumption (extraction), (b) the groundwater 
stocks, and (c) the aggregate (social) benefits from irrigated agriculture. 

However, the results of the empirical analysis in the study area (hydrological basin of Nea 
Moudania, Greece) clearly show that different initial allocation rules may have a substantial 
(income) distributional effect on individual farmers, which in turn may have a major influence on 
the equity of the permit system. Initial allocation decisions may redistribute well-being between 
farmers at a given time (intra-generational equity) or between farmers through time (inter-
generational equity). As already mentioned, the assessment of social equity is a quite subjective 
task, and consequently, there is not a commonly accepted criterion for choosing the best allocation 
rule. Therefore, each social planner (e.g., water agency) should first define the equity 
criteria/measures, and based on these, to select the most appropriate allocation rule. It is worth 
noting that this selection may also be influenced by other desired policies (e.g., agricultural, social, 
etc.) that could be indirectly supported by the initial allocation of water permits. Furthermore, 
according to the sensitivity analysis (see Section 3.4), the selection of the social discount rate can 
also play a crucial role in the intergenerational dimension of social equity. For all these reasons, the 
social planner should make the most suitable choices, which, according to the specific 
characteristics of the study area, will be able to ensure social justice, as well as to strengthen the 
social acceptance of the permits system. 
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